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* TUCOP FAILURE THRESHOLD TEST CO6R*

G. E. Culley, P. C. Ferrell, (WHC), R. Herbert (UKAEA) and
W. J. Woods (UKAEA)

The CO6R test was the sixth single-pin test in the collaborative US/UK

time and location of cladding failure and first fuel escape in an intermediate '
channel transient undercooling - overpower accident (TUCOP). It complements
the L052 and LO73 tests which studied post failure fuel dispersal in a similar
hypothetical accident. The test fuel was a single irradiated driver fuel pin
takeq from the UK's Prototype Fast Reactor (PFR) after ~4% peak burnup.

The test veﬁic]e was the Westinghouse Handford Company's single pin test
loop with flowing sodium coolant, and the test fuel was supported by simulated
grid éupports in the test train flow tube. Instrumentation was provided to
measure inlet and outlet flows, temperatures, pressures and acoustic signals,
and the fast neutron hodoscope was used to monitor fuel motion.

The power transient was designed in two parts; a constant power portion

(flat-top) and the over;power bu[§t. The flat-top power level and initial

test flow were chosen to produce test fuel and cladding temperatures simulat-

ing those expected in an LMFBR loss-of-flow accident when the flow has reduced

4 overpower pulse produced by LOF driven voiding in an LMFBR with substantial
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PFR/TREAT transient testing program.l It was designed to study the mechanism, . .

to about 1/3 of its nominal value. The burst then simulated the effect of the -



posit?ve sodium void worth. An unique featurg of this test was the use of a
temper;fure signal to initiate the overpower buqst at a pre-set outlet temper-
ature, with a maximum allowable flat-top duration as a back up burst initia-
tor. The objective of this was to initiate the destructive burst when coolant
conditions were close to boiling, but before actual boiling initiation.

| The results of the test are summarized in table 1 and figure 1. The
po&er pulse was triggered at 12.95 s when the outlet temperature was 70°C
below the saturation temperature of 1230°K. The transient then proceeded on a
period of 0.55 s for 0.6 s when the final fast burst was initiated.

During the flat-top the hodoscope observed a gradual axial expansion of
the fuel column which, by 10 seconds, reached about 4 mm (uncorrected for end
collar effects). There was no noticeable bowing or sideways displacement of
the fuel column at this stage. The first significant phenomenon observed
during the burst phase of the test was an apparent further increase in fuel at
the tog'of the column, equivalent to ~5 mm of fuel. This may be due to
additional axial expansion or internal motion of molten fuel or both in
combination. Next, boiling of the sodium coolant began ~125 ms into the f{nal
burst, as indicated by the divergence of the inlet and outlet flows. The
resulting test section voiding pgogfessed over the next 105 ms when the fuel
pin failed at 13.828 s over a 30 mm zone centered at 80% of the fuel height.
The inlet flowmeter signal indicates that dryout was possibly occurripg during
the 10 ms prior to fuel pin failure. Emerging fuel accumulated in the
vicinity of the failure site for about 30 ms and then dispersed upwards. This
dispersal was coincident with a sudden expulsion of coolant from both ends of
the test section.

It is not yet know whether the accumulation of approximately 5 grams of

fuel at the failure site is representative of LMFBR conditions or if the



initfal ex-pin fuel motion was influenced by the proximity of the flow tube,
Howev;}. i; is significant to note that eve& with the accumulation of fuel
outside the failure site, the in-pin motion of molten fuel to the breach
produced a decrease in the net fuel worth. The subsequent upwards.dispersal
of the accumulated fuel produced an aﬁditiona] drop leading to a total
decrease in net fuel worth of ~15%. '
i Fully detailed analyses of the boiling, voiding cladding failure and fuel
motion is not yet complete. However, simplified treatments (indicate that
fuel pin failure and initial fuel motions are dominated by conditions produced
within the fuel by the power burst and depend only weakly on the coolant
behavior for this type of transient. | ‘

}n summary, the CO6R test has produced evidence that both pre and post
failure internal fuel motions produce net fuel worth decreases that would help
mitigate a TUCOP accident in an LMFBR. Furthermore, the high axial failure

location will prevent worth increases even if emergent fuel momentarily

accumulates at the failure site before it disperses upward.
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TABLE 1

SUMMARY OF CO6R RESULTS

EVENT DESCRIPTION

TREAT clock and control computer start
Starg o* power raising

Flat-top power reached ~ 22 MW (TREAT)
Axial expansion seen by hodoscope

Start of long period sggment of burst
Change to short period segment of burst
Further fuel observed at top of fuel column
Start of coolant boiling and test channel voiding
Probable'dnyout )

First fuel escape recorded by hodoscope
Final flow expulsion begins

Peak power 1161 MW

Flow tube failure

Power at zero

TREAT CLOCK
TIME (S)

0
3.9
5.2

5-10
12.95
13.55

13.65 - 13.76

13.725

13.820

13.828
13.84
13.87
13.90
14.00
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